Eight patients were studied by simultaneous intracardiac recordings of the specialized conduction system from left and right heart. Five patients had normal A-V conduction, one had left axis deviation (LAD), and two had bundle-branch block. Bundle of His (BH) and right bundle (RB) recordings from the right heart were obtained and validated as previously described. In The purpose of the present study was to obtain electrograms of the specialized conduction system in man during left heart catheterization thereby expanding our understanding of A-V conduction in patients with normal A-V conduction and with various conduction defects.
Bundle electrograms Electrocardiograms ats
Premature ventricular beats some of the conclusions reached from the standard electrocardiogram. Some of the inherent limitations in the surface electrocardiogram have also been revealed.68
The purpose of the present study was to obtain electrograms of the specialized conduction system in man during left heart catheterization thereby expanding our understanding of A-V conduction in patients with normal A-V conduction and with various conduction defects.
Methods Eight patients (ranging in age from 18 to 68 years) were studied during diagnostic right and left heart catheterization. Five patients exhibited normal atrioventricular and intraventricular conduction (table 1) (B) Catheter (L) position duiring recordingys from the left bhndle. His the brachial artery and placed in the root of the aorta, at the level of the aortic cusps, under fluoroscopic control and electrographic monitoring. The catheter tip was directed toward the right or posteriorly adjacent to the tip of the BH recording catheter in the right heart or to both sites ( fig. lA) . A slight rotatory movement of the catheter tip, in the region of the aortic valve, enhanced the BH recordings from the left heart. Three stanidard ECG leads were recorded simultan-eously with the bipolar electrograms (BE) from b0oth-left and riglht heart. The biQAlar electrograms from both sides were recor-ded at filter settings of 40 to 200 Hz. All recordings were made at paper speeds of 100 and 200 mm/sec.
The BH electrogram from the left side was validated by atrial pacinig and induced premature atrial )eats in all patients in order to demon.strate lengthening of the A-H time, as the P-P initerval 'was slhortenied. In addition, the recorded BH electrogram from the left side was validated by simultaneously recording the B1H electrogram from the right lheart ( fig. 2) recordings from the left side were obtained just across (below) the aortic valve.
The BH electrograms recorded from the two sides of the heart were similar in shape and duration and could be temporally superimposed ( fig. 2 ). The time of onset of the BH deflection as well as the H-V time from both sides was usually identical. In an occasional instance, the onset of BH electrogram from the left side was delayed by 2 to 3 msec. This difference is within the range of error of measurement and is probably insignificant. The polarity of the BH electrogram from each side could be reversed by altering the polarity of the recording electrodes. As the heart rate was progressively increased by atrial pacing, there was progressive lengthening of the A-H time. The BH electrograms from both sides responded in a similar fashion and maintained their identical temporal relationship ( fig. 2) . At all observed heart rates the H-V, LB-V, and RB-V times as well as the shape of the QRS complexes, remained unchanged. shows absence of a Q wave and the presence of an S wave in the ectopic QRS complex which is 100 msec in duration. The atrial activity (second A wave) following the premature beat is probably sinus in origin and is not the result of retrograde conduction because the A-A interval is relatively constant. This second A wave is then conducted to the ventricles producing the fourth QRS complex with a right bundle-branch block (RBBB) pattern (QRS complex = 120 msec). The constant A-A, A-V and LB-V intervals suggest that the fourth QRS complex is a sinus conducted beat and is not a premature ventricular beat. The RBBB pattern is due to refractoriness of the RB caused by the preceding premature (third QRS complex) beat.
In case 5 simultaneous recordings of BH from right heart and LB from left heart showed the sequence of activation during A-V and ventriculo-atrial impulse transmission Simultaneous bipolar (BE) recordings of BH and LB from the right (R) and left (L) heart, respectively, together with three ECG leads (L-1, aVF, and VI). The H-V time (50 msec) is minimally prolonged and this prolongation is due to increased LB-V (30 msec) time with a nornal conduction time from the BH to the proximal LB (20 msec). As the P-P interval was shortened from 1030 to 350 msec by an induced (PI) premature atrial beat, the A-H time lengthened from 90 to 160 nsec. The LB-V and H-V times remained unchanged.
( fig. 8) BH" or an abnormally prolonged BH deflection in patients with a narrow QRS complex has helped to localize the defect to the main BH. However, in the majority of the patients with abnormal QRS complexes and prolonged H-V time, precise localization of delay in the HPS (BH, bundle branches, and peripheral Purkinje network) has not been possible. In this study the intracardiac recordings from both sides of the heart permit the measurement of conduction time from the BH to the proximal left (probably main stem) and right bundle branches, as well as from the bundle branches to the ventricle.* Conduction defects within the HPS can thus be localized in the BH, proximal or distal to mainstem LB ( fig.  4) , and proximal or distal to the recording site of RB.
A prolonged H-V time in some patients with RBBB and LAD8 may be due to a delay localized within the BH, mainstem LB, in the two subdivisions of LB, or even more distally in the peripheral Purkinje network along with RBBB. In patients with complete heart block localized distal to the BH by right heart between recordings from the anterior and posterior division of the LB is not possible in man at this time. Differentiation based on the position of the recording catheter tip is not valid in view of variations of size, position, and rotation of the heart. . BE (L) shows that each V is preceded by a LB deflection with a LB-V time of 25 msec. The BE (R) reveals that the third V deflection is premature and is not preceded by an A wave indicating its infra-atrial origin. In this beat (third) the duration of the QRS is abnormal (100 msec). The absence of a Q wave and presence of S wave in ECG lead L-1, control-LB-V time (25 msec), and the absence of a prolonged atrioventricular time (A-V = 170 msec) in the succeeding beat, all indicate its infra-nodal origin proximal to the recording site of LB, probably in the LB at the bifurcation of the BH. The following supraventricular impulse (fourth QRS complex) is conducted with aberration of the right bundle-branch block type. This beat is probably not reciprocal because the A-A interval is relatively unchanged and the A-V time is not prolonged. recordings, the recorded deflection labelled as BH may in reality be an RB electrogram. In these cases, the potential error may be revealed by simultaneous left heart recordings. This error may be demonstrated by an earlier recording of either the BH from the root of the aorta, or the LB from the left ventricle than the "labelled BH" deflection in the right heart recordings. Utilization of His bundle stimulation for validation of BH recordings from the right side has been described previously by us.'0 Similarly BH stimulation from the left heart (at the recording site of the BH) is theoretically possible and has actually been done in an experimental study from this laboratory.20 However, this was not attempted in the present study in order to shorten the duration of the procedure. Figure 8 shows premature ventricular beats arising at, or proximal to the recording site of the LB, suggestive of left bundle rhythm. Simultaneous BH recordings from the right heart exhibit retrograde activation of the His bundle with reversed sequence of activation. In these ectopic beats the BH electrogram follows the LB deflection but precedes the ventricular activation. The spread of activation of the ectopic impulse from the proximal portion of the LB simultaneously in two directions, that is, to the BH and the ventricle, is demonstrated. This illustration further emphasizes the fallacy of interpretations based on intracardiac recordings from the right heart alone in patients with tachycardia and aberrant QRS complexes preceded by BH deflection. Such records may be misinterpreted as being supraventricular in origin. 21 Aberrant conduction of the supraventricular impulse, due to retrograde invasion in one of the bundle branches during supraventricular tachycardia, has been described in experimental22 and clinical studies. 23 The longer functional refractory period in the RB as compared to the LB explains the greater frequency of RBBB pattern and transmission failure in the RB.24 Our findings are in agreement with the above observations and suggest invasion of the right bundle branch by a premature "ventricular" beat, rendering it functionally refractory. The interpolated premature "ventricular" beat in figure 7 arises at or proximal to the recording site of the LB probably in the upper portion of the LB. This ectopic impulse invades the RB in any of the three manners: (1) at its lower portion in a retrograde fashion; (2) at its upper end via retrograde transmission in the proximal LB (A) Simultaneous recordings of BE from the left (L) heart in the region of the LB and right (R) heart in the region of the BH with three ECG leads (aVR, L-2, and aVF). The first QRS complex is supraventricular in origin and shows BH deflection preceding the LB. The second QRS complex (ectopic origin) is aberrant and probably arises proximal to the recording site of the LB just distal to the BH. The BE (R) reveals that the BH deflection follows the LB but precedes the V by a very short interval. The third QRS complex, also a premature beat, has a different site of origin probably the lower LB. The LB precedes the V deflection by a shorter interval because of invasion of the LB in its lower portion. The last QRS complex is a normal sinus beat.
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